■if' 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
11 October 2001 (11.10.2001) 




PCT 



(10) International Publication Number 

WO 01/76118 A2 



(51) International Patent Classification 7 : 



H04L 



(21) International Application Number: PCT/ILO 1/00292 



(22) International Filing Date: 28 March 2001 (28.03.2001) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(74) Agents: COLB, Sanford, T. et a].; Sanford T. Colb & Co., 
P.O. Box 2273, 76122 Rehovot (TL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 



(30) Priority Data: 
135467 
135693 
60/220,334 



4 April 2000 (04.04.2000) IL 
17 April 2000 ( 1 7.04.2000) IL 
24 July 2000 (24.07.2000) US 



(71) Applicant (for all designated States except US): TIOGA 
TECHNOLOGIES INC. [US/US]; 150A Charcot Av- 
enue, San Jose, CA 95131 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): VERBIN, Rami 
[IL/IL]; 7/12 Beit-Tzuri Street, 69122 Tel Aviv (IL). 
FRENKEL, Liron [IL/IL]; 64C Savidor Street, 42655 
Netanya (IL). 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, G A, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

00 



(54) Title: TRANSMISSION OF STATIONARY SIGNALS IN QUIESCENT MODE 

(57) Abstract: A method for transmission of high-speed digital signals includes transmitting a data signal over a communication 
line responsive to input data, which data signal is characterized by a frequency spectrum and a peak-to-average ratio (PAR). During 
an idle interval in the input data, an idle signal is transmitted, whose frequency spectrum is substantially stationary relative to the 
frequency spectrum of the data signal and whose PAR is substantially lower than the PAR of the data signal. 



WO 01/76118 PCT/DL01/00292 



TRANSMIS SION OF STATIONARY SIGNALS IN QUIESCENT MOHP. 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Patent Application 60/220,334, 
filed July 24, 2000, which is incorporated herein by reference. 

5 FIELD OF THE INVENTION 

The present invention relates generally to high speed data transmission, and specifically 
to methods and devices for reducing power consumption during idle periods in data 
transmission. 

BACKGROUND OF THE INVENTION 
10 Power consumption is a crucial factor in the deployment of Digital Subscriber Line 

(DSL) modems. As technology evolves, the power consumption of the digital part of the 
modem can be reduced significantly by using new processes, such as moving from 0.5 ^im 
semiconductor devices to 0.25 jxm and 0.18 \im devices. In contrast to the digital part, the 
power consumption of the analog part of the modem remains largely unchanged, and thus 
1 5 becomes the most significant factor in overall power consumption. 

One approach to reducing the power consumption takes advantage of the large periods 
of time in which the transmission includes only idle information, such as ATM idle cells. This 
approach defines a quiescent mode, or Q-mode, which the modem transmitter enters during 
these idle periods. Possible characteristics for Q-mode operation have been proposed in 
20 contributions to the International Telecommunications Union (ITU), such as contribution 
D.282, by 3Com Corporation, and contribution D.415, by Alcatel. These contributions are 
incorporated herein by reference. 

Q-mode proposals to date have focused -on discrete multi-tone (DMT) transmission 
methods, which are used in Asymmetric DSL (ADSL). These proposals are based mainly on 
25 limiting transmission during idle periods to a single tone, preferably the pilot tone that is 
normally used for frequency tracking. Hie advantages of the pilot tone method include: 

- Veiy low power consumption - transmitting only about 1/256 of the total nominal power 
of the transmitter. 

- Continuous frequency tracking, so that the transmitter and receiver remain locked to the 
30 proper frequency. 
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- Veiy simple to implement in the transmitter. 

- Easy to detect at the receiving end. 

This solution suffers from a significant problem, however: it creates a non-stationary 
noise environment for neighboring modems. The spectral profile of crosstalk noise received 

5 by other modems (known as far end crosstalk - FEXT - and near end crosstalk - NEXT) is not 
constant in time. The noise is low during Q-mode operation, because only one carrier is 
transmitted, but it increases sharply when the modem returns to its normal transmit mode, in 
which most of the 256 ADSL carriers are used. The sensitivity of ADSL receivers to 
non-stationary cross talk varies with frequency and with the type of interference (NEXT or 

10 FEXT), as described in contribution D.S32 to the ITU, by Alcatel, entitled "Effects of 
Pulsating Crosstalk on Vintage ADSL modems," which is incorporated herein by reference. 

The result of this non-stationaiy behavior is performance degradation. The ADSL 
receiver tracks the noise and attempts to adapt to its particular characteristics so as to 
maximize the noise margin or the data rate. The modem cannot track the sharp changes in the 

15 noise floor due to Q-mode transitions, however, and the result is a long burst of errors upon 
every transition. This error burst may be severe enough to cause the modem to "retrain" for 
the altered noise conditions. Such retraining is undesirable, because it interrupts modem 
service for several seconds. Proposed techniques for dealing with non-stationary crosstalk due 
to Q-mode transitions are described in contributions TD22 and TD26 to Standards Committee 

20 TM6 of the European Telecommunications Standards Institute (ETSI), submitted by Alcatel. 
These contributions are incorporated herein by reference. Implementation of these proposed 
techniques would require modification and/or reprogramming of currently-deployed modems. 

Another approach for reducing transmitter power consumption is to dynamically switch 
the power supply voltage of the transmitter between two levels. This method does not require 

25 any. special signal for Q-mode, and actually does not require a Q-mode at all. It is applied to 
the transmitted signal while the modem operates in its normal data mode. The disadvantage of 
this method is that it requires very rapid switching of the power supply, typically within less 
than 2 |asec switching time. Such fast switching is likely to degrade the linearity of the 
transmitter's line driver. For this reason, the idea of voltage switching has not been adopted in 

30 any practical modem. Contribution D.835 to the ITU, by Alcatel, notes that power 
consumption of an ADSL transmitter can be reduced by static reduction of the line driver 
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supply voltage and bias current. The contribution indicates that there is a need for dynamic 
power saving methods. It concludes, however, that further study of the degrading effects of 
non-stationary crosstalk is required in order to define an optimal dynamic power saving 
technique. 

SUMMARY OF THE INVENTION 

It is an object of some aspects of the present invention to provide an improved method 
for reducing power consumption of a transmitter during idle periods and to provide 
transmitters that implement the method. 

It is a further object of some aspects of the present invention to provide a quiescent 
mode of operation for a high-speed modem that maintains a stationary noise environment 
Preferably, the peak-to-average ratio (PAR), or crest factor, of transmitted signals is reduced in 
the quiescent mode. Alternatively or additionally, the transmitted si gnals in the quiescent 
mode are optimized to reduce other power consumption characteristics and to meet other 
criteria associated with different line driver technologies. 

It is yet a further object of some aspects of the present invention to provide a family of 
quiescent mode signals and a method for generating a signal in the family that is optimized for 
a particular transmitter, in a manner that is transparent to a receiver of the signal. Preferably, 
the optimization also takes into account the normal performance of the transmitter, such as the 
specific DMT carriers that are transmitted during "ShowTime." 

In preferred embodiments of the present invention, a high-speed data transmitter 
transmits data signals over a communication line to a receiver, with a characteristic frequency 
spectrum and PAR, based on a stream of input data. When there is an idle interval in the input 
data, such as a period of silence or idle cells, indicating that there is no information to transmit, 
the transmitter generates an idle signal. The idle signal is based on a sequence of data values, 
which is selected so as to give a frequency spectrum that is similar to that of the data signals, 
while its PAR is substantially lower than the data signal PAR. Because of the similarity of the 
frequency spectra of the data and idle signals, the NEXT and FEXT generated at neighboring 
receivers remain substantially stationary. The need for these receivers to adapt to changing 
noise conditions as the transmitter switches between data transmission and idle mode is thus 
minim i z ed. Because of the low PAR of the idle signal, however, the power consumption of 
the transmitter in idle mode can be substantially reduced. 
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In some preferred embodiments of the present invention, the transmitter and receivers 
belong to a system of ADSL modems, and the idle mode of the transmitter is an ADSL 
Q-mode. The sequence of data values used to generate the idle signal is preferably based on a 
predefined complex sequence, or vector, in the frequency domain. The signal based on . this 
5 predefined sequence is referred to hereinafter as the "nominal signal." Such a signal may be 
defined in advance, by a standard, for example, or it may be communicated during an initial 
phase preceding the first Q-mode transition. For ADSL, the sequence is preferably selected so 
that the nominal signal will have certain desirable characteristics at the line driver input, such 
as low PAR, while using only four quadrature amplitude modulation (4QAM) constellation 
10 ' points. 

Most preferably, the sequence is a pseudo-random sequence that is already defined by 
ADSL standards, such as the "Reverb" signal. A sequence of this sort is advantageous in that 
it is already in use in ADSL modems known in the art, as defined in the ITU G.dmt (or 992.1) 
standard, which is incorporated herein by reference. As a result of using a predefined 

15 sequence, such as the Reverb signal, idle signals based on this sequence can be detected and 
processed by both existing and new ADSL receivers substantially without reprogramming. 
While the PAR of ADSL data signals is usually high, typically in the 15-17 dB range, the 
Reverb signal has a substantially lower PAR, typically about 8.5 dB. Thus, although the 
transmitter consumes more power in Q-mode than it would if it were generating only the single 

20 pilot tone (as in the Q-mode proposals described in the Background of the Invention), it has 
the advantage of full compatibility with existing, installed modems. 

In some preferred embodiments of the present invention, the Reverb sequence or other 
predefined sequence used to create the nominal signal is modified in order to reduce its PAR 
still further. The modification is constrained, however, in order to keep the complex values in 

25 the sequence within a predetermined margin of their nominal values, so that the resultant idle 
signal can still be identified and processed by the receiver as the Reverb or other nominal 
signal. In other words, a small amount of distortion is intentionally introduced into the 
nominal signal in order to reduce the PAR, typically to about 5 dB, but this distortion is 
transparent to the receiver. Preferably, an optimal modification of the nominal sequence is 

30 calculated so as to minimize the PAR at the line driver input for the specific characteristics of 
the output circuits of the transmitter. Further preferably, the phase of the complex values in 
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the sequence is varied intermittently, by a ±90° or 180° shift, for example, in order to flatten 
the transmit spectrum and to avoid situations in which an adaptive receiver develops a fixed 
phase bias due to the idle signal. 

In preferred embodiments of the present invention, the power consumption of the 
transmitter is reduced by Etching the voltage supplied to the transmitter's line driver circuit 
to a lower level when the transmitter goes into the idle mode. This voltage switching is made 
possible by the reduced PAR of the idle mode signal. Preferably, the bias current is also 
decreased in idle mode, even at the cost of introducing a limited amount of distortion at the 
line driver. Additionally or alternatively, the power level of the idle mode signal is decreased 
by a small amount to further decrease the line driver power consumption. This decrease in the 
signal power is typically limited to about 1-2 dB in order to ensure that the crosstalk 
environment remains largely stationary. The reduction of the power supply voltage, bias 
current, and/or signal power has the effect of reducing the current drawn by the line driver. 

Further additionally or alternatively, the idle mode signal can be switched on and off 
with some duty cycle. During "off" periods, only the pilot tone or a limited set of carriers is 
transmitted, while during "on" periods the stationary idle signal is transmitted. This 
combination of the two signals allows a very efficient design of the idle signal according to an 
allowed level of non-stationarity, with lower power consumption than could be achieved 
simply by decreasing the transmit power. The reason for this enhanced efficiency is that during 
the "off" periods, both the AC and DC parts of the power consumption are reduced. 
Preferably, the "on" and the "off" signals are derived from the same nominal signal or, 
alternatively, from two different nominal signals. As mentioned above, the phases of both the 
"on" and "off signals are preferably altered from time to time. Most preferably, the 
transmitter switches between the "on" and "off' signals at random, while maintaining a fixed 
overall duty cycle between the signals. 

Preferably, the low-PAR idle mode signal is optimized for the specific digital and 
analog characteristics of the front end of the transmitter (including shaping filters and line 
driver). This optimization most preferably takes into account the transmitter's utilization of 
frequency carriers, so that the idle mode signal uses the same carriers as are used by the 
transmitter during normal (ShowTime) operation, thereby strictly observing the stationarity 
requirement. 
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As noted hereinabove, the sensitivity to non-stationary cross talk varies with frequency 
and with the type of interference (NEXT or FEXT). Therefore, in some cases, not all of the 
carriers need to be transmitted for the sake of keeping the noise environment stationary. When 
only part of the spectrum is sensitive to crosstalk, some of the carriers may be switched off 
without harming the stationarity of the noise seen by other modems, so that the idle mode 
signal preferably comprises only a subset of the available carriers that are sensitive to 
crosstalk. This approach may also be used with the on-off switched variant of the idle mode 
signal, as described above, so that both the "on" and the "off ' signals comprise only such 
subsets of the available carriers. Most preferably, the "on" signal comprises the 
crosstalk-sensitive carriers, while the "off' signal comprises only the pilot tone. 

Although preferred embodiments are described herein mainly with reference to ADSL 
modems and standards, the principles of the present invention may similarly be applied to 
other DSL systems, such as Very High Rate DSL (VDSL), as well as to high-speed data 
transmission systems of other types. 

There is therefore provided, in accordance with a prefeued embodiment of the present 
invention, a method for transmission of high-speed digital signals, including: 

transmitting a data signal over a communication line responsive to input data, which 
data signal is characterized by a frequency spectrum and a power consumption characteristic, 
such as a peak-to-average ratio (PAR); and 

during an idle interval in the input data, transmitting an idle signal whose frequency 
spectrum is substantially stationary relative to the frequency spectrum of the data signal and 
whose power consumption characteristic is substantially reduced relative to the data signal. 

Preferably, the PAR of the idle signal is at least 3 dB below the PAR of the data signal, 
more preferably at least 6 dB below the PAR of the data signal, and most preferably at least 10 
dB below the PAR of the data signal. Further preferably, the PAR of the idle signal is less 
than 10 dB, and more preferably no greater than about 7 dB. 

Preferably, transmitting the data signal includes operating a line driver at a 
predetermined supply voltage, and transmitting the idle signal includes reducing the supply 
voltage of the line driver during the idle interval. Additionally or alternatively, transmitting 
the data signal includes operating a line driver at a predetermined bias current, and 
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transmitting the idle signal includes reducing the bias current to the line driver during the idle 
interval. 

Preferably, transmitting the idle signal includes generating a periodic signal, or a 
sequence of related periodic signals. 

Preferably, transmitting the idle signal includes generating the idle signal based on a 
nominal sequence of varying complex values, most preferably based on a predefined standard 
signal recognizable by a receiver of the data signal. In a preferred embodiment, transmitting 
the data signal includes transmitting an Asymmetric Digital Subscriber Line (ADSL) signal, 
and generating the idle signal based on the nominal sequence of complex values includes 
generating a Q-mode signal based on an ADSL Reverb signal. 

Additionally or alternatively, generating the idle signal based on the predefined 
standard signal includes reducing a power level of the idle signal relative to the standard 
signal. Preferably, reducing the power level of the idle signal includes alternately increasing 
and decreasing the power level. Most preferably, decreasing the power level includes 
transmitting a pUot tone in place of signal based on the nominal sequence of complex values, 
and increasing the power level includes transmitting the signal based on the nominal sequence 
of varying complex values. In a preferred embodiment, the data signal includes a discrete 
multi-tone signal including a set of tones, and reducing the power level of the idle signal 
includes eliminating one or more of the tones from the idle signal, preferably by selecting 
tones to be eliminated based on crosstalk characteristics associated with the transmission. It 
should be noted that for the «on-o£T mode of the idle signal, the set of carriers used during the 
"on" period may be different from the set used during the "off' period. 

Further preferably, generating the idle signal based on the nominal sequence of 
complex values includes modifying the complex values so as to reduce the PAR of the idle 
signal. Most preferably, generating the idle signal based on the nominal sequence of complex 
values includes generating the idle signal based on a predefined standard signal recognizable 
by a receiver of the data signal, and modifying the complex values includes modifying the 
values by no more than a predetermined amount, such that the idle signal is recognizable by 
the receiver as the predefined standard signal notwithstanding the changes. 
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In a preferred embodiment, the data and idle signals have a predefined symbol rate, and 
transmitting the data and idle signals includes passing the signals through a shaping filter 
having a filter response, and modifying the complex values includes: 

upsampling the nominal sequence by a predetermined factor; 
5 applying the filter response to the upsampled sequence to generate a shaped sequence; 

applying one or more constraints to the shaped sequence in a time domain to generate a 
constrained sequence; 

determining an input sequence to the shaping filter that will yield the constrained 
sequence upon application of die filter response to the input sequence; and 

10 applying one or more constraints to the input sequence in a frequency domain so as to 

derive the modified complex values. 

Preferably, applying the one or more constraints in the time domain includes limiting 
an amplitude of the shaped sequence in accordance with a predetermined maximum power 
consumption characteristic. Additionally or alternatively, determining the input sequence to 

15 the shaping filter includes dividing the transformed sequence in the frequency domain by the 
filter response. Further additionally or alternatively, applying the one or more constraints in 
the frequency domain includes modifying the input sequence so as to maintain a symmetry of 
in-band and out-of-band components of the sequence in the frequency domain. Preferably, the 
method takes into account the filtering of the shaping filter, which normally cuts off the 

20 high-frequency components of the input sequence. In a further preferred embodiment, the 
method includes repeating the steps of applying the filter response, applying the one or more 
constraints in the time domain, determining the input sequence, and applying the one or more 
constraints in the frequency domain, using the modified complex values as an input in place of 
the upsampled sequence. 

25 In a preferred embodiment, transmitting the idle signal includes, during the idle 

interval, transmitting the idle signal whose frequency spectrum is substantially stationary in 
alternation with a non-stationary signal, preferably while controlling the signals so that a 
transmit spectrum of the signals is non-stationary only to within an allowed limit of 
non-stationarity. Preferably, the non-stationary signal is chosen so as to have a substantially 

30 lower power consumption characteristic than the idle signal whose frequency spectrum is 
substantially stationary. Further preferably, the data and idle signals include multiple tones, 
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and the non-stationary signal includes a substantially reduced number of tones relative to the 
idle signal whose frequency spectrum is substantially stationary. Most preferably, the 
non-stationary signal consists of a pilot tone. 

Preferably, transmitting the idle signal includes setting a duty cycle for alternation 
5 between the idle signal whose frequency spectrum is substantially stationary and the 
non-stationary signal, and transmitting the signals in accordance with the set duty cycle- 
Additionally or alternatively, transmitting the idle signal whose frequency spectrum is 
substantially stationary in alternation with a non-stationary signal includes intermittently 
altering the phase of the signals, whereby a spectrum of the signals is flattened, and a bias in 
10 the signals is cancelled. Preferably, intermittently altering the phase of the idle signals 
includes shifting the phase at random by multiples of 90 degrees. 

There is also provided, in accordance with a preferred embodiment of the present 
invention, a method for transmission of high-speed digital signals, including; 

transmitting a data signal over a communication line responsive to input data, which 
15 data signal is characterized by a frequency spectrum; 

generating an idle signal based on a nominal sequence of varying complex values in the 
frequency domain, the idle signal having a frequency spectrum that is substantially stationary 
relative to the frequency spectrum of the data signal; and 

during an idle interval in the input data, transmitting the idle signal over the 
20 communication line. 

Preferably, generating the idle signal based on the nominal sequence of complex values 
includes generating a quadrature amplitude modulation (QAM) signal, most preferably 
including values given by ±l±j. Further preferably, generating the idle signal includes 
modifying the complex values of the nominal sequence so as to reduce a peak-to-average ratio 
25 (PAR) of the idle signal. Additionally or alternatively, transmitting the idle signal includes 
intermittently altering a phase of the idle signal, whereby a bias in the signal is cancelled. 

Further additionally or alternatively, generating the idle signal includes conveying a 
definition of the signal from a transmitter of the data and idle signals to the receiver before 
transmitting the idle signal. 
30 In a preferred embodiment, transmitting the idle signal includes, during the idle 

interval, transmitting as a first idle signal the idle signal whose frequency spectrum is 
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substantially stationary in alternation with a second idle signal whose frequency spectrum is 
non-stationary. 

There is additionally provided, in accordance with a preferred embodiment of the 
present invention, apparatus for transmission of high-speed digital signals, including: 

a data encoder, which is adapted to receive input data and to generate a stream of data 
symbols responsive to the input data and further to generate, during an idle interval in the input 
data, a sequence of idle symbols; 

a shaping filter, coupled to receive the stream of data symbols from the signal generator 
and to generate, responsive thereto, a data signal characterized by a frequency spectrum and a 
power consumption characteristic, and to receive the sequence of idle symbols and to generate, 
responsive thereto, an idle signal whose frequency spectrum is substantially stationary relative 
to the frequency spectrum of the data signal and having a power consumption characteristic 
that is substantially reduced relative to the data signal; and 

a line driver, coupled to receive the data signal and the idle signal from the shaping 
filter and to transmit the signals over a line to a receiver. 

Preferably, the apparatus includes a power supply, which is coupled to provide a 
predetermined supply voltage to the line driver during transmission of the data signal, and 
which is adapted to switch the supply voltage of the line driver to a value substantially lower 
than the predetermined supply voltage during the idle interval. 

Additionally or alternatively, the apparatus includes a bias current controller, which is 
coupled to provide a predetermined bias current to the line driver during transmission of the 
data signal, and which is adapted to reduce the bias current to the line driver during the idle 
interval. 

There is further provided, in accordance with a preferred embodiment of the present 
invention, apparatus for transmission of high-speed digital signals, including: 

a data encoder, which is adapted to receive input data and to generate a stream of data 
symbols responsive to the input data and further to generate, during an idle interval in the input 
data, a sequence of idle symbols based on a nominal sequence of varying complex values in 
the frequency domain; 

a shaping filter, coupled to receive the stream of data symbols from the signal generator 
and to generate, responsive thereto, a data signal characterized by a frequency spectrum, and to 
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receive the sequence of idle symbols and to generate, responsive thereto, an idle signal whose 
frequency spectrum is substantially stationary relative to the frequency spectrum of the data 
signal; and 

a line driver, coupled to receive the data signal and the idle signal from the shaping 
filter and to transmit the signals over a line to a receiver. 

The present invention will be more fully understood from the following detailed 
description of the preferred embodiments thereof, taken together with the drawings in which: 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram that schematically illustrates a data transmitter, in accordance 
with a preferred embodiment of the present invention; 

Fig. 2 is a block diagram that schematically illustrates a data encoder for generating an 
idle mode signal, in accordance with a preferred embodiment of the present invention; and 

Fig. 3 is a flow chart that schematically illustrates a method for generating an idle 
mode signal, in accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram that schematically illustrates elements of a high-speed data 
transmitter 20, in accordance with a preferred embodiment of the present invention. The 
design of transmitter 20 is appropriate for use in an ADSL modem, and the following preferred 
embodiment will be described with reference to ADSL standards and signals. It will be 
understood, however, that the devices and methods described hereinbelow may also be used, 
mutatis mutandis, in other data transmission systems and in accordance with other standards. 
While a particular, simplified block design of transmitter 20 is shown in Fig. 1 for the sake of 
illustration, other designs that implement the principles of the present invention will be 
apparent to those skilled in the art. It will also be understood that although different functions 
are represented in Fig. 1 by different blocks, in practical applications a number of these 
functions may be carried out by a single integrated circuit device. 

Transmitter 20 comprises a data interface, preferably a Utopia interface 10, which 
receives ATM cells for transmission over a communication line. An idle cell generator 12 
generates ATM idle cells, which are selected by a multiplexer 14 when there are no 
information-bearing cells at interface 10. A framing and interleaving block 16 creates a data 
frame for transmission, which is then fed to an encoder 22. The encoder encodes the data from 
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the framer 22 into a stream of output symbols, typically DMT symbols as specified by ADSL 
standards. Each such symbol has the form of a vector with up to 256 complex values in the 
frequency domain, defined by quadrature amplitude modulation (QAM). 

An idle data detector 18 determines when the input data stream is idle, i.e., when the 
5 symbols generated by block 14 or 16 contain no meaningful information. Under these 
conditions, detector 18 causes transmitter 20 to enter an idle mode, also referred to herein as a 
quiescent mode, or Q-mode. In this mode, detector 18 signals a data encoder 22 to replace the 
symbols from block 16 with predefined idle mode symbols, as defined hereinbelow. 

The symbols output by encoder 22 are transformed into a stream of time-domain 

10 samples by an inverse Fast Fourier Transform (IFFT) machine 24, as is known in the art. An 
interpolator 26 upsamples the stream by a factor N, wherein typically N=4, by adding zeroes 
between the actual samples. A digital low-pass filter (LPF) 28 is used to filter images created 
by interpolator 26. A digital to analog (D/A) converter 30 converts the samples to analog 
form, following which an analog LPF 32 is used to eliminate high-frequency artifacts,, 

15 particularly images, remaining after the digital filtering. LPF 28, D/A converter 30 and analog 
LPF 32 can together be characterized by their collective frequency response, and are 
considered hereinbelow as an equivalent spectral shaping filter 38, which is applied to the 
signals that are output by transmitter 20. 

The output signals from filter 38 are fed to a line driver 34, which sends the signals 

20 over a line to a receiver (not shown). A power supply 36 provides DC power to the line driven 
The power consumption of the line driver depends, inter alia, on the PAR, or crest factor. The 
PAR is defined as the ratio in dB between the peak level of the output signal and the RMS 
level. The dependence of the line driver dynamic (AC) power consumption on the PAR in dB 
is given roughly by the following formula: 

25 

Power consumption (dBm) - PAR/2 + transmitted power (dBm) 

Since the PAR for ADSL signals is high, typically in the range of 15-17 dB, the contribution of 
PAR to power consumption is substantial. When the PAR of the output signals is reduced in 
30 an idle or quiescent mode (Q-mode) of transmitter 20, as described hereinbelow, the power 
required from supply 36 can be reduced accordingly. 
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When transmitter 20 enters the idle mode, idle data detector 18 causes the power 
consumption by the transmitter to be reduced by switching the voltage provided to line driver 
34 by supply 36. Preferably, detector 18 also switches a bias current controller 37 to decrease 
the DC bias current to line driver 34 to be decreased, as well, thus further saving on power 
consumption. Decreasing the DC current tends to increase signal distortion introduced by line 
driver 34. While the transmitter is operating in Q-mode, however, the distortion is of 
secondary importance, so that the current supplied to line driver 34 may typically be decreased 
without significant performance degradation. 

To clarify this point, it is noted that typically distortions increase with frequency. In 
ADSL, upstream transmissions from subscribers to the central office generally use lower 
frequencies, which are less sensitive to distortion, while downstream transmissions from the 
central office use the higher frequencies. Therefore, decreasing the bias current typically 
affects the downstream transmission frequencies more than the upstream frequencies. Some 
distortion of downstream Q-mode signals transmitted from the central office (where reducing 
power consumption is of most serious concern) can be permitted, since the signals contain 
substantially no data other than the pilot tone and the nominal signal itself. The distorting 
effect of the bias current reduction is less significant in the lower-frequency band, which may 
still convey upstream information while the transmitter is in idle mode. 

As noted above, when transmitter 20 enters the idle mode (or Q-mode), encoder 22 
outputs a Q-mode signal. This signal comprises a periodic signal based on a selected nominal 
signal, preferably an ADSL Reverb signal, as defined in the G.dmt standard, or a sequence of 
such periodic signals with different phase shifts, as described hereinbelow. The nominal 
signal is defined as a pseudo-random complex sequence in the frequency domain, having the 
form of a vector of 257 complex values, preferably 4QAM values. (4QAM values, also known 
as quadrature phase shift keying, or QPSK, values, can be expressed as ±l±j.) Alternatively, 
other nominal signals may be used instead of the Reverb. 

The nominal signal is chosen so as to afford certain desirable characteristics at the line 
driver input These characteristics typically include the desired spectrum (PSD) and statistical 
behavior, such as low PAR. The nominal signal preferably has roughly the same PSD mask as 
do normal ADSL signals, typically a generally flat frequency spectrum covering the same 
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frequency range as that of the normal ADSL data signals. These characteristics are preferably 
achieved while using 4QAM constellation points. 

The Reverb signal meets these requirements. As a result, the NEXT and FEXT noise 
generated due to Q-mode operation of the transmitter will be stationary relative to the noise 
generated in normal operation, and the PAR in Q-mode will be relatively low. Alternatively, 
other 4QAM signals that are better fitted to specific transmit path and line driver 
characteristics may be used. The nominal signal in such a case can be .defined by the 
transmitter and communicated to the receiver. 

The Q-mode frequency vector is translated by IFFT machine 24 into a time sequence of 
512 samples, corresponding to one ADSL symbol. In the simplest implementation, the 
Q-mode vector is identical to the standard Reverb vector. This signal has a low PAR, 
approximately 8.5 dB after interpolation and shaping. Further reduction in the PAR can be 
achieved, however, by additional adjustments of the complex amplitudes of the vector 
elements. The adjustments are subject to a number of constraints: 

• Hie PSD of the resultant output Q-mode signal should be close to the PSD of the 
Reverb signal, to within a predefined tolerance. Preferably, the PSD of the Q-mode 
signal should be within ±3 dB of either the nominal PSD or of the actual transmitted 
PSD of the transmitter in normal (data transmission) mode, in accordance with the 
actual fine gain settings used in the transmitter. 

• The original phases of the carriers in the Reverb signal should also be maintained 
to within a predefined tolerance. Preferably, the phase deviation of the carriers should 
be such that the Q-mode signal will be easily detected by the receiver as a Reverb 
signal, as though the receiver were receiving an actual Reverb signal with a 
signal/noise ratio of 15-25 dB, 

• There should be no bias in the pilot tone in the Q-mode signal. ADSL modems 
normally use carrier 64 for frequency tracking, but the Q-mode signal may include one 
or more alternative or additional carriers for frequency tracking. 

• The PAR of the Q-mode signal should be as low as possible, preferably less than 7 
dB, and most preferably about 5 to 6 dB. 

As long as these constraints are observed, the adjustments in the Q-mode signal will 
remain transparent to the receiver, while allowing the signal to be optimized for the specific 
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characteristics of the digital and analog front-end components of transmitter 20. It is not 
necessary that all of the 256 ADSL carriers be used in the Q-mode signal. Rather, the number 
of Q-mode carriers should be equal or close to the number of carriers actually used in normal 
operation of transmitter 20. The "adjusted" Reverb signal is preferably optimized to use the 
5 same carriers that are used in normal operation. Alternatively, in some cases only a subset of 
the available carriers may be used. In particular, if the crosstalk level on some carriers is very 
low, then these carriers are preferably eliminated from the Q-mode signal. Preferably, the pilot 
tone is always included among the Q-mode carriers. 

In addition to the above-mentioned variations in the complex values of the Reverb 

10 sequence, the power of the Q-mode signal itself may also be decreased. It is not desirable to 
decrease the total power too much, due to the requirement that the noise spectrum remain 
stationary. Some room for reduction does exist, however, since practical modems normally 
work with an extra margin of signal/noise ratio. This margin may be slightly decreased if a 
small non-stationarity is allowed. 

15 Although the above description relates particularly to a case in which Reverb is chosen 

as the nominal signal is Reverb, the principles of the description are applicable to substantially 
any suitable nominal sequence. It is expected that if the nominal sequence is optimized for the 
specific transmit path in use, a smaller tolerance in the phase and amplitude of the nominal 
signal will yield the same PAR as the adjusted Reverb signal. Alternatively, lower PAR will be 

20 achieved with the same tolerance for distortion of the nominal signal. 

Fig. 2 is a block diagram that schematically illustrates details of encoder 22, in 
accordance with an alternative embodiment of the present invention. In this embodiment, 
additionally or alternatively to the above-mentioned decrease in power, the stationary Q-mode 
signal is switched alternately "on" and "off" with a selected duty cycle. During the "off* 

25 periods, only the pilot tone or a limited set of carriers is transmitted. Although this technique, 
like varying the power of the Q-mode signal, creates some non-stationarity, a limited amount 
of variation is always allowed. The permitted level of non-stationarity may change from 
region to region or from country to country based on various factors, such as penetration 
percentage of legacy systems (which tend to be more vulnerable to non-stationarity), available 

30 loop lengths, allowed PSD masks, and typical applications (i.e., data rates). 
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The duty cycle is preferably chosen based on the amount of variation allowed in the 
average signal PSD, compared to the nominal or actual transmission level. For example, if the 
allowed average variation in the transmitted PSD is 4 dB, one possible solution is to switch the 
Q-mode signal with a duty cycle of 50%, and to allow a peak (negative) variation from the 
5 nominal PSD of not more than 1 dB during the "on" periods. It is assumed in this example 
that only the pilot tone is transmitted during the "off" periods, although this is not a mandatory 
requirement. The pilot tone may be supplemented with additional carriers if needed in any 
frequency band in which no non-stationary behavior can be tolerated. 

When using an on-off modulated Q-mode signal, the bias current and voltage to line 
10 ■ driver 34 are preferably switched in time with the modulation, as described above in order to 
reduce the power consumption of the transmitter. 

One preferred embodiment includes an "on-off" idle signal. The "on" signal is a low 
PAR signal like Reverb (for ADSL) designed to use some limited set of carriers according to 
the crosstalk characteristics (to eliminate non-stationarity) and the "off" signal is just the pilot 
15 tone. The duty cycle may be decreased if more carriers are used during the "off" periods. There 
is thus some tradeoff between the duty cycle of the "on-off" signal and the carriers used during 
the "off" period. 

In a preferred embodiment (not illustrated in the figures), a controller monitors the 
performance of receivers in a neighborhood of transmitter 20. The controller adjusts the 

20 power and/or duty cycle of the Q-mode signal as necessary, and optionally other parameters as 
well, so as to reduce power consumption by the transmitter without causing frequent resetting 
of the receivers due to non-stationary noise. 

Returning now to Fig. 2, the stationary idle signal generated by encoder 22 is output as 
required from a stationary signal memory 40. The non-stationary idle signal, comprising the 

25 pilot tone and possible additional tones, is output from a non-stationary signal memory 42. 
Preferably, both the stationary and non-stationary signals are based on 4QAM signals, possibly 
with some limited distortion. The stationary and non-stationary signals are preferably both 
based on the same nominal signal. Alternatively, the stationary and non-stationary signals may 
be based on two different nominal signals. Most preferably, both the stationary and 

30 non-stationary signals comprise the Reverb signal, as described above, but extend over 
different ranges of tones, which are defined in accordance with the operating environment and 
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constraints of transmitter 20. In any case, the stationary and non-stationary signals are selected 
so as to optimize the signal at the line driver input. The carriers to be included in the stationary 
and non-stationary signals are preferably communicated from the transmitter to the receiver 
during a pre-startup phase of operation. The G.hs protocol, defined by ITU Recommendation 
5 G.994, may be used for this purpose. 

Preferably, the phases of successive Q-mode symbols are varied, most preferably by 
reversing the signs of the complex elements in the Q-mode vector. (This phase reversal 
corresponds to using a signal similar to the ADSL "Segue" signal in place of the Reverb 
signal. The difference between this reversed signal and the Segue signal is that in the Segue 
1 0 signal, the pilot tone is not reversed.) The phase reversal is implemented by a pseudo-random 
bitstream (PRBS) generator 44, outputting values of ±1 to multipliers 46 and 48. 
Alternatively, two different PRBS devices independently multiply the stationary and 
non-stationary signals output by blocks 40 and 42. Most preferably, the phase reversal occurs 
with a period longer than 4000 symbols and is such as to give, over long time periods, an even 
15 distribution of positive and negative phases. Alternatively or additionally, 90° phase shifts 
may be applied in the frequency or time domain. The phase variation flattens the spectrum of 
the transmitted signal and prevents both the local receiver and neighboring receivers from 
detecting and locking onto a bias in the noise generated by transmitter 20. 

The stationary and non-stationary Q-mode signals are selected by a multiplexer 50 in 
alternation, with an average duty cycle that is set in a duty cycle register 56. Preferably, the 
alternation between the stationary and non-stationary signals is also random, controlled by 
another pseudo-random bitstream generator 52, which drives a serial to parallel (S/P) block 54 
to output random values corresponding to values between 0 and 100. A comparator 58 
compares the output of S/P block 54 to the duty cycle value in register 56. When the value 
output by S/P block 54 is greater than the register value, the comparator drives multiplexer 50 
to select the non-stationary signal, while the stationary signal is chosen when the output of S/P 
block 54 is lower than the register value. Thus, when the duty cycle register is set to 100, only 
the stationary signal is output, and when the register is set to 0, only the non-stationary signal 
is output. Thus, in environments that are indifferent to non-stationary crosstalk, transmitter 
power consumption can be minimized by setting the duty cycle to zero. 
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As long as idle data detector 18 determines that transmitter 20 is receiving actual data 
from interface 10, a final multiplexer 59 in encoder 22 selects the actual data passed by 
framing and interleaving block 16 as input to IFFT block 24. On the other hand, when the idle 
data detector determines that block 16 is passing idle cells, it triggers multiplexer 59 to convey 
5 the Q-mode signal from multiplexer 50 to the IFFT block. 

Fig. 3 is a flow chart that schematically illustrates a method for generating an 
optimized Q-mode signal, based on a nominal signal such as the Reverb signal, in accordance 
with a preferred embodiment of the present invention. This method is preferably carried out 
during a startup phase of transmitter 20, when the utilization of the carriers in normal 

10 operation is known. An off-line calculation is also possible, but without adaptation to the 
actual utilization of carriers, less significant PAR reduction is expected. 

In order to optimize the Q-mode signal, the method starts with a nominal signal, such 
as the Reverb signal, on which the Q-mode signal is to be based. Alternatively, the nominal 
signal can be selected to be an arbitrary 4QAM signal with constellation points that optimize 

15 the expected signal at fee line driver input. The result of using such a signal is that lower PAR 
will be available for a given allowed distortion in the nominal signal. In any case, the nominal 
signal is created at a generation step 60, in the form of a complex frequency-domain vector 
with M elements. The value of M corresponds to the Nyquist frequency of the nominal signal. 
Thus, for ADSL there are M=257 carriers, spanning the range from 0 to 1.104 MHz. 

20 Alternatively, the nominal signal may be created directly in the time domain, preferably in the 
form assumed by the signal following interpolator 26. 

At an upsampling step 62, the nominal signal or sequence is interpolated by a factor N, 
typically N=4. The interpolation in the time domain corresponds to adding zeroes between the 
actual samples in the signal, without low-pass filtering at this stage. In the frequency domain, 

25 the interpolation expands one side spectrum of the signal to N*M carriers, or to N* 1.1 04 MHz 
in the case of ADSL. At a shaping step 64, the filter response of shaping filter 38, 
corresponding to digital LPF 28, D/A converter 30 and analog LPF 32, is applied to the 
upsampled signal. The resultant shaped signal is transformed to the time domain, as a 
transformation step 66, preferably using an IFFT operation. 

30 At this point the signal corresponds simply to the nominal signal, following 

interpolation and spectral shaping. At a time-domain processing step 68, predefined 
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time-domain constraints are applied to the signal. Preferably, these constraints include 
limiting the amplitudes of any peaks in the time-domain signal, so as to bring the PAR of the 
signal to within a predefined maximum. 

The constrained time-domain signal is retransformed to the frequency domain, 
preferably using a FFT, at a retransformation step 70. The equivalent effect of spectral 
shaping filter 38 is then divided out of the frequency domain signal, at a filter division step 72. 
This step is equivalent to finding the signal at the output of interpolator 26 that, after filtering 
by filter 38, would give the constrained signal found at step 70. At a frequency-domain 
processing step 74, frequency-domain constraints are applied to this signal. Typically, 
applying these constraints involves manipulating the complex amplitudes of the vector 
elements, including operations such as: 

• Setting the phase of the pilot tone to a required value, so as to eliminate pilot tone 
bias. 

• Restoring Hermitian symmetry to the signal spectrum, preferably by setting the 
amplitudes of the out-of-band spectral components (in the range of tones 258-511) to 
be the complex conjugates of the corresponding passband components (0-255). 

• Limiting the amplitudes and phases of the vector elements to within some allowed 
tolerance of the nominal 4QAM values. Typical tolerances are approximately +/-3db 
for amplitude and peak phase deviation of approximately 15 degrees. 

• Eliminating the use of carries which are not required for the Q-mode signal or are 
not used in normal operation of the transmitter. 

At a completion step 76, the vector generated at step 74 is examined to determine 
whether it has converged so that the PAR of the resultant Q-mode signal will be below a 
desired limit Other signal characteristics may also be considered. If the vector does not meet 
the convergence criteria, steps 64 through 76 are repeated using this constrained vector as an 
input. If convergence has been achieved, or if the process has already looped through steps 64 
through 76 a predetermined number of times without convening, then the process is 
terminated. Of the total N*M elements in the constrained vector, only the Srst M complex 
elements are saved, and the rest are discarded. In the case of ADSL, there are 256 such 
elements (since carrier 257 is always zero), which subsequently define the output from signal 
generator 22 to IFFT machine 24 when transmitter 20 enters Q-mode operation. 
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It will be appreciated that the preferred embodiments described above are cited by way 
of example, and that the present invention is not limited to what fias Teen particularly shown 
and described hereinabove. Rather, the scope of the present invention includes both 
combinations and subcombinations of the various features described hereinabove, as well as 
variations and modifications thereof which would occur to persons skilled in the art upon 
reading the foregoing description and which are not disclosed in the prior art. 
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CLAIMS 

1 . A method for transmission of high-speed digital signals, comprising: 

transmitting a data signal over a communication line responsive to input data, which 
data signal is characterized by a frequency spectrum and a power consumption characteristic; 
5 and 

during an idle interval in the input data, transmitting an idle signal whose frequency 
spectrum is substantially stationary relative to the frequency spectrum of the data signal and 
whose power consumption characteristic is substantially reduced relative to the data signal. 

2. A method according to claim 1, wherein the power consumption characteristic 
10 comprises a peak-to-average ratio (PAR). 

3. A method according to claim 2, wherein the PAR of the idle signal is at least 3 dB 
below the PAR of the data signal. 

4. A method according to claim 3, wherein the PAR of the idle signal is at least 6 dB 
below the PAR of the data signal. 

15 5. A method according to claim 4, wherein the PAR of the idle signal is at least 10 dB 
below the PAR of the data signal. 

6. A method according to claim 2, wherein the PAR of the idle signal is less than 10 dB. 

7. A method according to claim 6, wherein the PAR of the idle signal is no greater than 
about 7 dB. 

20 8. A method according to claim 1, wherein transmitting the data signal comprises 
operating a line driver at a predetermined supply voltage, and wherein transmitting the idle 
signal comprises reducing the supply voltage of the line driver during the idle interval. 

9. A method according to claim 1, wherein transmitting the data signal comprises 
operating a line driver at a predetermined bias current, and wherein transmitting the idle signal 

25 comprises reducing the bias current to the line driver during the idle interval. 

10. A method according to claim 1, wherein transmitting the idle signal comprises 
generating aperiodic signal. 
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11. A method according to any of the preceding claims, wherein transmitting the idle 
signal comprises generating the idle signal based on a nominal sequence of varying complex 
values. 

12. A method according to claim 1 1, wherein generating the idle signal based on the 
5 nominal sequence of complex values comprises generating the idle signal based on a 

predefined standard signal recognizable by a receiver of the data signal. 

13. A method according to claim 12, wherein transmitting the data signal comprises 
transmitting an Asymmetric Digital Subscriber Line (ADSL) signal, and wherein generating 
the idle signal based on the nominal sequence of complex values comprises generating a 

10 Q-mode signal based on an ADSL Reverb signal. 

14. A method according to claim 12, wherein generating the idle signal based on the 
predefined standard signal comprises reducing a power level of the idle signal relative to the 
standard signal. 

15. A method according to claim 14, wherein reducing the power level of the idle signal 
1 5 comprises alternately increasing and decreasing the power level. 

16. A method according to claim 15, wherein alternately increasing and decreasing the 
power level comprises decreasing the power level by transmitting a pilot tone in place of the 
signal based on the nominal sequence of complex values, and increasing the power level by 
transmitting the signal based on the nominal sequence of varying complex values. 

20 17- A method according to claim 14, wherein the data signal comprises a discrete 
multi-tone signal comprising a set of tones, and wherein reducing the power level of the idle 
signal comprises eliminating one or more of the tones from the idle signal. 

18. A method according to 1 7, wherein eliminating the one or more of the tones comprises 
selecting tones to be eliminated based on crosstalk characteristics associated with the 

25 transmission. 

19. A method according to claim 11, wherein generating the idle signal based on the 
nominal sequence of complex values comprises modifying the complex values so as to reduce 
the PAR of the idle signal. 
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20. A method according to claim 19, wherein generating the idle signal based on the 
nominal sequence of complex values comprises generating the idle signal based on a 
predefined standard signal recognizable by a receiver of the data signal, and 

wherein modifying the complex values comprises modifying the values by no more 
5 than a predetermined amount, such that the idle signal is recognizable by the receiver as the 
predefined standard signal notwithstanding the changes. 

21. A method according to claim 19, wherein the data and idle signals have a predefined 
symbol rate, and wherein transmitting the data and idle signals comprises passing the signals 
through a shaping filter having a filter response, and wherein modifying the complex values 

10 comprises: 

upsampling the nominal sequence by a predetermined factor; 

applying the filter response to the upsampled sequence to generate a shaped sequence; 
applying one or more constraints to the shaped sequence in a time domain to generate a 
constrained sequence; 

15 determining an input sequence to the shaping filter that will yield the constrained 

sequence upon application of the filter response to the input sequence; and 

applying one or more constraints to the input sequence in a frequency domain so as to 
derive the modified complex values, 

22. A method according to claim 21, wherein applying the one or more constraints in the 
20 time domain comprises limiting an amplitude of the shaped sequence in accordance with a 

predetermined maximum power consumption characteristic. 

23. A method according to claim 21, wherein detennining the input sequence to the 
shaping filter comprises dividing the transformed sequence in the frequency domain by the 
filter response. 

25 24. A method according to claim 21, wherein applying the one or more constraints in the 
frequency domain comprises modifying the input sequence so as to maintain a symmetry of 
in-band and out-of-band components of the sequence in the frequency domain. 

25. A method according to claim 21, and comprising cutting off high-frequency 
components of the input sequence at a Nyquist frequency corresponding to the symbol rate. 
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26. A method according to claim 21, and comprising repeating the steps of applying the 
filter response, applying the one or more constraints in the time domain, dete rminin g the input 
sequence, and applying the one or more constraints in the frequency domain, using the 
modified complex values as an input in place of the upsampled sequence. 

27. A method according to any of claims 1-10, wherein transmitting the idle signal 
comprises, during the idle interval, transmitting the idle signal whose frequency spectrum is 
substantially stationary in alternation with a non-stationary signal. 

28. A method according to claim 27, wherein transmitting the idle signal whose frequency 
spectrum is substantially stationary in alternation with the non-stationary signal comprises 
controlling the signals so that a transmit spectrum of the signals is non-stationary only to 
within an allowed limit of non-stationarity, 

29. A method according to claim 27, wherein the non-stationary signal is chosen so as to 
have a substantially lower power consumption characteristic than the idle signal whose 
frequency spectrum is substantially stationary. 

30. A method according to claim 27, wherein the data and idle signals comprise multiple 
tones, and wheTein the non-stationary signal comprises a substantially reduced number of tones 
relative to the idle signal whose frequency spectrum is substantially stationary. 

31. A method according to claim 30, wherein the non-stationary signal consists of a pilot 
tone. 

32. A method according to claim 27, wherein transmitting the idle signal comprises setting 
a duty cycle for alternation between the idle signal whose frequency spectrum is substantially 
stationary and the non-stationary signal, and transmitting the signals in accordance with the set 
duty cycle. 

33. A method according to claim 27, wherein transmitting the idle signal whose frequency 
spectrum is substantially stationary in alternation with a non-stationary signal comprises 
intermittently altering the phase of the signals, whereby a spectrum of the signals is flattened, 
and a bias in the signals is cancelled, 

34. A method according to claim 33, wherein intermittently altering the phase of the idle 
signals comprises shifting the phase at random by multiples of 90 degrees. 
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35. A method according to any of claims 1-10, wherein transmitting the idle signal 
comprises intermittently altering a phase of the idle signal, whereby a spectrum of the signal is 
flattened* and a bias in the signal is cancelled. 

36. A method for transmission of high-speed digital signals, comprising: 

5 transmitting a data signal over a communication line responsive to input data, which 

data signal is characterized by a frequency spectrum; 

generating an idle signal based on a nominal sequence of varying complex values in the 
frequency domain, the idle signal having a frequency spectrum that is substantially stationary 
relative to the frequency spectrum of the data signal; and 
10 during an idle interval in the input data, transmitting the idle signal over the 

communication line. 

37. A method according to claim 36, wherein generating the idle signal based on the 
nominal sequence of complex values comprises generating a: quadrature amplitude modulation 
(QAM) signal. 

15 38. A method according to claim 37, wherein the nominal sequence of complex values 
comprises values given by ±l±j . 

39, A method according to claim 36, wherein generating the idle signal based on the 
nominal sequence of complex values comprises generating the idle signal based on a 
predefined signal recognizable by a receiver of the data signal. 

20 40 A method according to claim 39, wherein transmitting the data signal comprises 
transmitting an Asymmetric Digital Subscriber Line (ADSL) signal, and wherein generating 
the idle signal based on the predefined standard signal comprises generating a Q-mode signal - 
based on an ADSL Reverb signal. 

41. A method according to claim 39, wherein generating the idle signal comprises 
25 conveying a definition of the signal from a transmitter of the data and idle signals to the 

receiver before transmitting the idle signal. 

42. A method according to claim 39, wherein generating the idle signal based on the 
predefined signal comprises reducing a power level of the idle signal relative to the predefined 
signal. 
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43. A method according to claim 42, wherein reducing the power level of the idle signal 
comprises alternately increasing and decreasing the power level. 

44. A method according to claim 43, wherein alternately increasing and decreasing the 
power level comprises decreasing the power level by transmitting a reduced set of carriers, 

5 and increasing the power level to transmit the signal based on the nominal sequence of varying 
complex values using an increased set of carriers so as to generate the frequency spectrum that 
is substantially stationary relative to the frequency spectrum of the data signal. 

45. A method according to claim 44, wherein transmitting the reduced set of carriers 
comprises transmitting a pilot tone in place of the increased set of carriers. 

10 46. A method according to claim 42, wherein the data signal comprises a discrete 
multi-tone signal comprising a set of tones, and wherein reducing the power level of the idle 
signal comprises eliminating one or more of the tones from the idle signal. 

47. A method according to 46, wherein eliminating the one or more of the tones comprises 
selecting tones to be eliminated based on crosstalk characteristics associated with the 

15 transmission. 

48. A method according to any of claims 36-47, wherein generating the idle signal 
comprises modifying the complex values of the nominal sequence so as to reduce a level of 
po wer consumption of a line driver used to transmit the signals. 

49. A method according to any of claims 36-47, wherein generating the idle signal 
20 comprises modifying the complex values of the nominal sequence so as to reduce a 

peak-to-average ratio (PAR) of the idle signal. 

50. A method according to any of claims 36-47, wherein transmitting the idle signal 
comprises intermittently altering a phase of the idle signal, whereby a spectrum of the signal is 
flattened, and a bias in Hie signal is cancelled. 

25 51. A method according to any of claims 36-47, wherein transmitting the data signal 
comprises operating a line driver at a predetermined supply voltage, and wherein transmitting 
the idle signal comprises reducing the supply voltage of the line driver during the idle interval. 
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52. A method according to any of claims 36-47, wherein transmitting the data signal 
comprises operating a line driver at a predetermined bias current, and wherein transmitting the 
idle signal comprises reducing the bias current to the line driver during the idle interval. 

53. A method according to any of claims 36-47, wherein transmitting the idle signal 
5 comprises generating a periodic signal. 

54. A method according to any of claims 36-47, wherein transmitting the idle signal 
comprises, during the idle interval, transmitting as a first idle signal the idle signal whose 
frequency spectrum is substantially stationary in alternation with a second idle signal whose 
frequency spectrum is non-stationary. 

10 55. A method according to claim 54, wherein the second idle signal is chosen so as to have 
a substantially lower power characteristic than the first idle signal. 

56. A method according to claim 55, wherein the power characteristic comprises a 
peak-to-average ratio (PAR). 

57. A method according to claim 54, wherein the data and idle signals comprise multiple 
15 tones, and wherein the second idle signal comprises a substantially reduced number of tones 

relative to the first idle signal. 

58. A method according to claim 57, wherein the second idle signal consists of a pilot tone. 

59 # A method according to claim 54, wherein transmitting the first and second idle signals 
comprises setting a duty cycle for alternation between the first and second idle signals, and 
20 transmitting the signals in accordance with the set duty cycle. 

60. A method according to claim 54, wherein the first and second idle signals are 
respectively based on first and second nominal sequences of varying complex values. 

61. A method according to claim 60, wherein the first and second nominal sequences are 
substantially identical. 

25 62. A method according to claim 54, wherein transmitting the first and second idle signals 
comprises intermittently altering phases, of the first and second idle signals. 
63. Apparatus for transmission of high-speed digital signals, comprising: 
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a data encoder, which is adapted to receive input data and to generate a stream of data 
symbols responsive to the input data and further to generate, during an idle interval in the input 
data, a sequence of idle symbols; 

a shaping filter, coupled to receive the stream of data symbols from the signal generator 
5 and to generate, responsive thereto, a data signal characterized by a frequency spectrum and a 
power consumption characteristic, and to receive the sequence of idle symbols and to generate, 
responsive thereto, an idle signal whose frequency spectrum is substantially stationaiy relative 
to the frequency spectrum of the data signal and having a power consumption characteristic 
that is substantially reduced relative to the data signal; and 
10 a line driver, coupled to receive the data signal and the idle signal from the shaping 

filter and to transmit the signals over a line to a receiver. 

64. Apparatus according to claim 63, wherein the power consumption characteristic 
comprises a peak-to-average ratio (PAR). 

65. Apparatus according to claim 64, wherein the PAR of the idle signal is at least 3 dB 
15 below the PAR of the data signal. 

66. Apparatus according to claim 65, wherein the PAR of the idle signal is at least 6 dB 
below the PAR of the data signal. 

67. Apparatus according to claim 66, wherein the PAR of the idle signal is at least 10 dB 
below the PAR of the data signal. 

20 68. Apparatus according to claim 64, wherein the PAR of the idle signal is less than 10 dB. 

69. Apparatus according to claim 68, wherein the PAR of the idle signal is no greater than 
about 7 dB. 

70. Apparatus according to claim 63, and comprising a pov/er supply, which is coupled to 
provide a predetermined supply voltage to the line driver during transmission of the data 

25 signal, and which is adapted to switch the supply voltage of the line driver to a value 
substantially lower than the predetermined supply voltage during the idle interval. 

71 Apparatus according to claim 63, and comprising a bias current controller, which is 
coupled to provide a predetermined bias current to the line driver during transmission of the 
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data signal, and which is adapted to reduce the bias current to the line driver during the idle 
interval. 

72. Apparatus according to claim 63, wherein the idle signal comprises a periodic signal. 

73- Apparatus according to any of claims 63-72, wherein the signal generator is adapted to 
5 generate the idle symbols based on a nominal sequence of varying complex values. 

74. Apparatus according to claim 73, wherein the nominal sequence corresponds to a 
predefined signal recognizable by a receiver of the data signal. 

75. Apparatus according to claim 74, wherein the data signal comprises an Asymmetric 
Digital Subscriber Line (ADSL) signal, and wherein the idle signal comprises a standard * 

10 ADSL signal. 

76. Apparatus according to claim 75, wherein the standard signal comprises an ADSL 
Reverb signal. 

77. Apparatus according to claim 75, wherein a power level of the idle signal is reduced 
relative to the standard signal. 

15 78. Apparatus according to claim 73, wherein a power level of the idle signal is reduced by 
alternately increasing and decreasing the power level. 

79. Apparatus according to claim 78, wherein the power level is alternately decreased by 
transmitting a reduced set of carriers and increased to transmit the signal based on the nominal 
sequence of varying complex values using an increased set of carriers so as to generate the 

20 frequency spectrum that is substantially stationary relative to the frequency spectrum of the 
data signal. 

80. Apparatus according to claim 79, wherein the reduced set of carriers consists of a pilot 
tone. 

81. Apparatus according to claim 73, wherein the data signal comprises a discrete 
25 multi-tone signal comprising a set of tones, and wherein a power level of the idle signal is 

reduced by eliminating one or more of the tones from the idle signal. 

82. Apparatus according to 81, wherein the tones to be eliminated are selected based on 
crosstalk characteristics associated with the apparatus. 
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83. Apparatus according to claim 73, -wherein the idle symbols comprise modified complex 
values, generated by modifying the complex values in the norninal sequence so as to reduce the 
power consumption characteristic of the idle signal. 

84. Apparatus according to claim 83, wherein me nominal sequence of complex values 
corresponds to a predefined signal recognizable by a receiver of the data signal, and wherein 
the complex values are modified by no more than a predetermined amount, whereby the idle 
signal is recognizable by the receiver as the predefined signal notwithstanding the changes. 

85. Apparatus according to any of claims 63-72, wherein a first idle signal comprises the 
idle signal whose frequency spectrum is substantially stationary, and wherein during the idle 
interval, Ihe encoder is adapted to generate the idle symbols so that the fiist idle signal is 
transmitted in alternation with a second idle signal that is non-stationary . 

86. Apparatus according to claim 85, wherein the second idle signal is chosen so as to have 
a substantially lower power characteristic than the first idle signal. 

87. Apparatus according to claim 85, wherein the data and idle signals comprise multiple 
15 tones, and wherein the second idle signal comprises a substantially reduced number of tones 

relative to the first idle signal. 

88. Apparatus according to claim 87, wherein the second idle signal consists of a pilot 
tone. 

89. Apparatus according to claim 85, wherein the first idle signal is transmitted in 
20 alternation with the second idle signal in accordance with a preset duty cycle. 

90. Apparatus for transmission of high-speed digital signals, comprising: 

a data encoder, which is adapted to receive input data and to generate a stream of data 
symbols responsive to the input data and further to generate, during an idle interval in the input 
data, a sequence of idle symbols based on a nominal sequence of varying complex values in 

25 the frequency domain; 

a shaping filter, coupled to receive the stream of data symbols from the signal generator 
and to generate, responsive thereto, a data signal characterized by a frequency spectrum, and to 
receive the sequence of idle symbols and to generate, responsive thereto, an idle signal whose 
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frequency spectrum is substantially stationary relative to the frequency spectrum of the data 
signal; and 

a line driver, coupled to receive the data signal and the idle signal from the shaping 
filter and to transmit the signals over a line to a receiver. 

5 91 # Apparatus according to claim 90, wherein the nominal sequence of complex values 
corresponds to a quadrature amplitude modulation (QAM) signal. 

92. Apparatus according to claim 91, wherein the nominal sequence of complex values 
comprises values given by ±l±j. 

• 93. Apparatus according to claim 90, wherein the nominal sequence of complex values 
1 0 comprises a predefined signal recognizable by a receiver of the data signal. 

94. Apparatus according to claim 93, wherein the data signal comprises an Asymmetric 
Digital Subscriber Line (ADSL) signal, and wherein the idle signal comprises a Q-mode 
signal. 

95. Apparatus according to claim 94, wherein the standard signal comprises an ADSL 
15 Reverb signal. 

96. Apparatus according to claim 93, wherein a definition of the signal is conveyed to the 
receiver before transmitting the idle signal. 

97. Apparatus according to claim 93, wherein a power level of the idle signal is reduced 
relative to the predefined signal. 

20 9&. Apparatus according to claim 97, wherein the power level of the idle signal is reduced 
by alternately increasing and decreasing the power level. 

99. Apparatus according to claim 98, wherein the power level is alternately decreased by 
transmitting a reduced set of carriers, and increased to transmit the signal based on the nominal 
sequence of varying complex values using an increased set of carriers so as to generate the 

25 frequency spectrum that is substantially stationary relative to the frequency spectrum of the 
data signal. 

100. Apparatus according to claim 99, wherein the reduced set of carriers consists of a pilot 
tone. 
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101. Apparatus according to claim 97, wherein the data signal comprises a discrete 
multi-tone signal comprising a set of tones, and wherein the power level of the idle signal is 
reduced by eliminating one or more of the tones from the idle signed. 

102. Apparatus according to 101, wherein the tones to be eliminated are selected based on 
5 crosstalk characteristics associated with the apparatus. 

103. Apparatus according to any of claims 90-102, wherein the complex values of the 
nominal sequence are modified so as to reduce a level of power consumption of the line driver 
in transmitting the idle signal generated responsive to the values. 

104. Apparatus according to any of claims 90-102, wherein the signal generator periodically 
1 0 alters a phase of the idle symbols, whereby a spectrum of the signal is flattened, and a bias in 

the idle signal is cancelled 

105. Apparatus according to any of claims 90-102, and comprising a power supply, which is 
coupled to provide a predetermined supply voltage to the line driver during transmission of the 
data signal, and which is adapted to switch the supply voltage of the line driver to a value 

15 substantially lower than the predetermined supply voltage during the idle interval. 

1 06. Apparatus according to any of claims 90-1 02, and comprising a bias current controller, 
which is coupled to provide a predetermined bias current to the line driver during transmission 
of the data signal, and which is adapted to reduce the bias current to the line driver during the 
idle interval. 

20 107. Apparatus according to any of claims 90-102, wherein the idle signal comprises a 
periodic signal. 

108. Apparatus according to any of claims 90-102, wherein during the idle interval, the 
encoder is adapted to generate the idle symbols so that the idle signal whose frequency 
spectrum is substantially stationary is transmitted as a first idle signal in alternation with a 

25 second, non-stationary idle signal. 

109. Apparatus according to claim 108, wherein the second idle signal is chosen so as to 
have a substantially lower power characteristic than the first idle signal. 
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110. Apparatus according to claim 108, wherein the data and idle signals comprise multiple 
tones, and wherein the second idle signal comprises a substantially reduced number of tones 
relative to the first idle signal. 

111. Apparatus according to claim 110, wherein the second idle signal consists of a pilot 
tone. 

112. Apparatus according to claim 108, wherein the first idle signal is transmitted in 
alternation with the second idle signal in accordance with a preset duty cycle. 
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